Colour polymorphisms, and phenotypic plasticity of traits such as shells and radulae, complicate the taxonomy of many invertebrate taxa. Recent field surveys in New Zealand yielded specimens of the white cephalaspidean opisthobranch Melanochlamys lorrainae (Rudman, 1968) , not reported since the 1960s. We used an integrative approach to test whether M. lorrainae was a distinct species or an unpigmented morph of the more common black congener M. cylindrica Cheeseman, 1881. Molecular data were combined with analysis of shell morphology and observations of relative abundance and habitat preference for the two nominal species. Differences in the shape of the internal shell were congruent with body colour, but less extreme than previously reported. In field surveys, M. lorrainae was found on sand-or mudflats while M. cylindrica was primarily associated with rocky habitat and red algal turf. Molecular phylogenetic analyses were performed on three gene regions, the mitochondrial cytochrome c oxidase subunit I (COI) and large ribosomal subunit (16S) rRNA loci, and the nuclear large ribosomal subunit (28S) rRNA locus. In all analyses M. lorrainae and M. cylindrica were reciprocally monophyletic, with net genetic distances of 16.5% for COI, 2.4% for 16S and 0.9% for 28S, all comparable to distances between sister species of other cephalaspideans. The northeastern Pacific M. diomedea and an undescribed Australian species formed a clade with modest support in parsimony analysis of mtDNA, and strong support in Bayesian analysis of the nuclear 28S gene despite an unusually long branch for the Australian species. No strong phylogenetic affinity was detected between the New Zealand species and the other two Melanochlamys spp., which also differ in some morphological respects. Group mating via unilateral insemination is described for M. cylindrica.
INTRODUCTION
Molecular methods offer a powerful lens through which to examine taxonomically challenging taxa. Genetic data indicate that cryptic species are ubiquitous among marine animals, including sponges (Klautau et al., 1999) , cnidarians (Knowlton et al., 1992; Dawson & Jacobs, 2001; Fukami et al., 2004) , bryozoans (McGovern & Hellberg, 2003) , crustaceans Lee, 2000; Caudill & Bucklin, 2004) and molluscs (Lee & O'Foighil, 2004; Collin, 2005; Krug et al., 2007) . Taxonomy based on morphology alone has systematically underestimated marine biodiversity, due to the high frequency of speciation without divergence in physical characteristics (Knowlton, 1993 (Knowlton, , 2000 May, 1994) . Conversely, however, traits that appear to vary between species may actually represent polymorphisms or cases of phenotypic plasticity, in which case molecular analysis may support synonymy (Simison & Lindberg, 1999; Marko, Palmer & Vermeij, 2003; Teske, Barker & McQuaid, 2007) .
Combining genetic, morphological, developmental and behavioural data allows the most precise delineation of species differences (Palmer, Gayron & Woodruff, 1990; Collins et al., 1996; Collin, 2005; Dayrat, 2005; Desalle, Egan, & Siddall, 2005) . Such a synthetic approach is especially warranted for opisthobranchs, which have few discrete or inflexible traits upon which species distinctions can be reliably made (Hirano & Hirano, 1991; Morrow, Thorpe & Picton, 1992; Clark, 1994; Sisson, 2002) . Integrative taxonomy should reveal whether putative apomorphies reflect the independent evolutionary trajectory of a nominal species, or if differences between supposed sister species are actually due to intraspecific polymorphism or phenotypic plasticity (Padilla, 1998; Simison & Lindberg, 1999; Marko, Palmer & Vermeij, 2003) . Here, we evaluate the status of a rare cephalaspidean species in comparison with a co-occurring congener that differs mainly in colour, using a combination of molecular, morphological and behavioural data.
Two cephalaspideans endemic to New Zealand are Melanochlamys cylindrica Cheeseman, 1881 (Opisthobranchia: Aglajidae) , and the comparatively rare M. lorrainae (Rudman, 1968) . Both are opisthobranchs with a vestigial internal shell (Rudman, 1972a, c) . The black species M. cylindrica is seasonally abundant in rocky intertidal habitat, associated with red algal turf; M. lorrainae is predominantly white with patches of pale grey, is known only from soft sediment habitats, and is rarely reported (Rudman, 1972a, b; Willan & Morton, 1984) . Internal anatomy does not distinguish M. lorrainae from M. cylindrica, aside from differences in shape of the reduced shell (Rudman, 1972a) . The relative rarity of M. lorrainae and the morphological similarity of the two New Zealand species suggested that white specimens might be uncommon colour variants of M. cylindrica. We therefore applied molecular methods to test species assignments based on colour and shell morphology, and to compare genetic divergence relative to other cephalaspideans.
MATERIAL AND METHODS

Collection of organisms
All specimens were collected from the North Island of New Zealand (Fig. 1) . At each site, at least three experienced collectors spent 3 -4 h looking for specimens in appropriate habitats; details of collecting sites and dates are given in Table 1 . Specimens of Melanochlamys cylindrica were collected from intertidal rock pools and ledges lined with red algal turf; a subtidal collection was also made from a rock ledge in Sunkist Bay, south of Motukaraka Island, Beachlands and Tamaki Strait. Specimens of M. lorrainae were found by searching the top layer of sediment during extreme low tides in sandy or muddy areas, sometimes associated with seagrass beds; 500-mm sieves were used to sift through sediment. Live specimens were photographed with a Fujifinepix 4MP digital camera through a Leica stereomicroscope. Initial identifications were based on colour of the live animal and inspection of the internal shell (R. Willan, personal communication) .
For mating observations, six to ten specimens of M. cylindrica from the Whangaparaoa Peninsula were put in each of two aquaria on 8 August 2006. Mating and reproductive behaviour were then observed over an 8-week period, monitoring behaviour twice per night, four nights per week. Behaviours were documented with .1,000 digital photographs, on which drawings of reproductive behaviour were based. The rarity of M. lorrainae precluded similar observations on that species.
Phylogenetic analyses
Four Melanochlamys species were included in this study. The two New Zealand endemics M. lorrainae and M. cylindrica were collected as described. Four specimens of the northeastern Pacific M. diomedea collected from Friday Harbor, Washington State, USA were provided by R. Podolsky. Two specimens of a presently undescribed species (R. Willan, in preparation) from northern Australia (hereafter, Melanochlamys sp.) were provided by R. Willan.
From specimens preserved in 95% ethanol, genomic DNA was extracted with a QIAamp DNA Mini Kit (Qiagen Inc., Valencia, CA, USA) and stored in extraction buffer at 2208C. Voucher specimens are listed in Table 1 . Polymerase chain reactions (PCRs) were used to amplify three gene regions, two mitochondrial and one nuclear. A 710-bp fragment of the mitochondrial cytochrome c oxidase subunit I (COI) gene was amplified using primers LCO1490 and HCO2198 (Folmer et al., 1994) . Approximately 480 bp of the mitochondrial 16S rRNA (large ribosomal subunit) gene was amplified using primers 16Sar-5 0 and 16Sbr-3 0 (Palumbi, 1996) . Reaction conditions for mtDNA amplifications followed Ellingson & Krug (2006) . A 1179-bp portion of the nuclear 28S rRNA (large ribosomal subunit) gene was amplified as two overlapping regions, using primers 28SF2-5 0 , 28SR3-3 0 , 28SF3-5 0 and 28SR1-3 0 (Morgan et al., 2002) . Reactions took place in a solution of 1Â Promega PCR buffer (10 mM Tris -HCl pH 9.0, 50 mM KCl, 0.1% Triton X-100), 2.5 mM MgCl 2 , 0.2 mM dNTP's, 0.2 mM of each primer and 1 U Promega Taq DNA Polymerase (Promega Corporation, Madison, WI, USA). Total reaction volume was 50 ml, of which 2 ml was template DNA (1% of total DNA extracted). PCR was run on a Bio-Rad MyCycler TM thermocycler (Bio-Rad, Hercules, CA, USA), which was heated to 958C prior to loading samples. The thermal cycle profile started with an initial denaturation step of 958C for 5 min, followed by 40 cycles of a 20 s denaturation step at 958C, a 30 s annealing step at 558C, and a 708C extension step for 60 s. A final step at 708C for 10 min was added to ensure extension. A negative control (no template) was included in each reaction.
Products of PCR were visualized by electrophoresis on a 1% agarose gel and purified with the Wizard SV Gel and PCR Clean-Up System (Promega). Purified products were directly cycle-sequenced in both directions using PCR primers and Big Dye Terminator 3.1 Cycle Sequencing chemistry, and electrophoresed on an ABI 3100 Avant Capillary Sequencer (Applied Biosystems, Foster City, CA, USA). Total volume of the sequencing reaction was 10 ml, including 3 ml of water, 2 ml of template DNA, 2 ml of ABI sequencing buffer (Applied Biosystems), 1 ml of 5 mM primer and 2 ml Big Dye Terminator v3.1 (Applied Biosystems). After an initial denaturation step of 2 min at 968C, each sample was cycle-sequenced using 20 cycles of the following thermal cycle profile: 30 s at 958C, followed by 40 s at 558C. One final step of 5 min at 558C was added to complete extension. Alignments were initially done in ClustalX (Thompson et al., 1997) using default parameters, and adjusted by eye where needed; a model of secondary structure was used to aid alignment of 16S sequences, to maintain base-pairing interactions in stem regions (Lydeard et al., 2000; Medina & Walsh, 2000; Valde´s, 2003) . One region of 28S, ranging from 6 bp (M. cylindrica) to 18 bp (M. diomedea) in length, could not be aligned and was deleted ( positions 411-428 in the M. diomedea sequence). Sequence alignments for all taxa were obtained for 579 bp of COI, 423 bp of 16S, and 826 bp of the 28S gene, and were deposited in the National Center for Bioinformatics (NCBI) database (accession numbers: COI, EU604697 -EU604714; 16S, EU604715-EU604732; 28S, EU604733 -EU604738). Alignments used in phylogenetic analyses, including outgroups, are available by query from the PopSet division of NCBI (http://www.ncbi. nlm.nih.gov/sites/entrez?db=popset).
Mean intra-and inter-clade divergence values (see Results) were calculated separately for COI and 16S data, first as uncorrected p-distances and then using a model to correct for multiple substitutions. The best-fit model was chosen for ingroup sequences of COI (K81uf þ I; I ¼ 0.5872) and 16S (TVM þ G; a ¼ 0.1482) using the Akaike Information Criterion (AIC) as implemented in Modeltest 3.7 (Posada & Crandall 1998) . The parameter I allows for a proportion of invariant sites, while the G parameter specifies the shape of a gamma distribution allowing among-site heterogeneity in substitution rates. Distances between clades were calculated as net nucleotide divergences, which correct for intra-clade variance, as r AB(net) ¼ r AB -0.5(r A þ r B ), where r A and r B are mean intra-clade distances and r AB is the mean inter-clade distance (Nei & Li, 1979; Edwards & Beerli, 2000) .
Separate analyses of COI and 16S datasets yielded similar trees, and a partition-homogeneity test implemented in PAUP* 4.0 revealed no conflict between the two loci (P . 0.99) (Cunningham, 1997; Swofford, 2001) . Data for these linked mitochondrial genes were therefore combined for phylogenetic analyses (Wiens, 1998) . Separate analyses were performed on the 28S dataset to determine whether nuclear and mitochondrial loci supported the same clades, as introgression can lead to lack of congruency between nuclear and cytoplasmic loci. The cephalaspidean Philine aperta was chosen as the outgroup, as sequences of all three markers were available from GenBank (COI, AY345016; 16S, DQ093482; 28S, DQ279988). Parsimony analyses were performed in PAUP*, obtaining bootstrap values (1,000 pseudoreplicates) with the stepwise-addition option and treating gaps as a fifth character state. Bootstrap values !70% were taken as statistical support for a given clade (Zharkikh & Li, 1992; Hillis & Bull, 1993) .
Phylogenetic analyses using Bayesian Inference utilized the Metropolis-coupling Markov Chain Monte Carlo (MCMC) method as implemented in MrBayes 3.1.1 (Ronquist & Huelsenbeck, 2003) . For Bayesian analysis of 16S and 28S genes, gaps in aligned sequences were coded as presence/absence in a matrix partitioned from the nucleotide data. Analysis of mtDNA used four data partitions: 1st þ 2nd codon positions of COI, 3rd position of COI, 16S sequence data and a gap matrix for 16S indels. Analysis of 28S used two partitions, one for sequence data and a gap matrix. For each partition of nucleotide data, the best substitution model was selected based on AIC implemented in Mr.Modeltest 2.2 (Nylander, 2004) . Models chosen were GTR þ I for 1st þ 2nd codon positions of COI, GTR for 3rd position of COI, GTR þ G for 16S and GTR þ I þ G for 28S. For each partition, model parameters were estimated from the data by MrBayes during runs. Two independent analyses were performed in parallel, each running four MCMC chains (one heated, three cold) and default priors. Analyses used 5 Â 10 5 generations, saving a tree every 500 generations. Based on (1) average standard deviation of split frequencies between runs and (2) change in log-likelihood scores over time, chains reached stationarity after $125,000 generations; the first 250 trees were thus discarded as burn-in. A 50% majority-rule consensus tree was generated from trees sampled from the posterior probability distribution after burn-in. Analyses were repeated three times to confirm that all converged on the same results. Posterior probability values !90% were taken as statistical support for a clade being present on the true tree (Douady et al., 2003; Huelsenbeck & Rannala, 2004; Simmons, Pickett & Miya, 2004 Description: Full anatomical description provided by Rudman (1972a, b) . Diagnostic features of the genus include cylindrical body shape with parapodia held tightly to body and lower edge of dorsum; reduced, curved, strongly calcified internal shell; and large, non-eversible buccal bulb. Characteristic reproductive structures include (1) form of the penis, (2) tubular complex comprising albumen and capsule-forming glands and (3) short duct connecting the exogenous spermstorage sac to vestibule of female genital opening.
External anatomy: Anterior half of dorsum forms head shield, divided by narrow medial groove. Rest of dorsum forms posterior shield, dorsal notch extending past end of body ( Fig. 2A) . Posterior shield covers shell, wrapping around each side to form mantle cavity. No extensions of posterior shield, such as occur in Chelidonura, but median notch present. Genital opening on right side of body wall under posterior shield, connected to penial opening on right side of head by external sperm groove running length of body. Live animal velvety black with two translucent grey areas on each side of head shield ( Fig. 2A) . Internal surface of parapodia and tail white, showing through to make external surface appear mottled grey under the microscope. Body surface covered by cilia, which refract angled light to give blue phosphorescent sheen to head and parapodial margins. When animal is turned over, muscular contractions give appearance of longitudinal lines on ventral surface (Fig. 2B) . Mucus secreted continuously by live specimens from labial glands, which open into grooves above and below mouth (Rudman, 1972a) . Animals normally enclosed in mucous sheath to which sand grains adhere; sheath facilitates crawling and camouflages the slug. Parapodia held closely wrapped around body when crawling, but partly relaxed and extended when resting. Fisherman's Bay specimens were 15-30 mm long when crawling.
Internal anatomy: The following is adapted from Rudman (1972a, b) . Shell enclosed in cavity above mantle. Mantle cavity encloses gill and receives anus, kidney opening, mucous glands and gland that releases a yellow warning secretion after predatory attack (Sleeper, Paul & Fenical, 1980) . Diaphragm divides anterior body cavity (enclosing penis, oesophagus and central nervous system) from posterior cavity (containing intestine and digestive gland, pericardial cavity, ovotestis and reproductive glands). Mouth opens into rigid, muscular buccal bulb attached to body wall by five paired muscles (Rudman, 1972b) . Oesophagus enlarges to form crop, primary site of digestion; gizzard plates absent (Rudman, 1972b) . Crop narrows, penetrates diaphragm, and enters reduced stomach which receives ducts from overlying digestive gland. Intestine winds through digestive gland before opening into mantle cavity.
Reproductive system includes several features diagnostic of genus. Spermoviduct extends from ovotestis; widening into ampulla lined with ciliated tract and packed with autosperm; ampulla narrows into small spermoviduct, divided by sphincter controlling sperm release (Rudman, 1972a) . Small spermoviduct bifurcates into (1) sperm duct, leading directly to vestibule of genital opening and (2) oviduct, leading to wide, tubular albumen gland. Albumen gland twists around twice before emptying into capsular gland, a tube that completes one loop before connecting to genital vestibule; tubular nature of albumen -capsular complex is a genus-specific feature. Genital vestibule connects to mucous gland, and by a long duct to gametolytic gland. Large, exogenous sperm storage sac connects to vestibule by notably short duct. Penis a thin sac with single prostate gland. Muscular flap attached to inner wall of sac along posterior half, extending into penial papilla at posterior end. Incurrent sperm groove runs from penial opening down to base of muscular flap where prostate gland opens; from there, excurrent sperm groove extends along edge of papilla.
Shell morphology: Fourteen lots of M. cylindrica shells were examined from North, South and Stewart Islands (habitat: eight lots from sediment, four in wash up, one from a rock pool, two unknown) (Fig. 3A) . Lengths ranged from 1 to 7 mm. There were minor variations in shell shape, mainly in the early whorls; some specimens have a central indentation and thickening on the earliest visible whorl. Some have a thickened rounded rim reinforcing the medial border of the spine. The extremely thin margin of the body whorl frequently sustains damage even in specimens collected alive. The profiles showed similar moderate inflation.
Natural history and feeding: Muscular buccal bulb creates suction used to engulf polychaete and nemerteans worms whole. Buccal bulb is not everted during feeding, as it is in other Aglajiids (Rudman, 1972b) . Probably spawns in winter (late June -October), depositing clear gelatinous egg masses (Rudman, 1972a, b; Willan & Morton, 1984) . (Powell, 1979) . Range was extended to include Stewart Island when a specimen was collected from anchor mud in 7 m at Port Pegasus. Specimens were common at Beachlands among Corallina in September 1997 (Morley et al., 1998) Remarks: This is the type species for the genus Melanochlamys, erected by Cheeseman but long considered a junior synonym of Aglaja, until resurrected by Rudman (1972a) . In providing a comprehensive description of the genus, Rudman (1972a) compared M. cylindrica, M. lorrainae (Rudman, 1968) , the Australian species M. queritor (Burn, 1958) , and M. diomedea (Bergh, 1893).
Distribution: Previously reported from North and South Islands
Melanochlamys lorrainae (Rudman, 1968) ( Fig. 2D, 3B Description: Overall structure of external and internal anatomy same as M. cylindrica (Rudman, 1972a) ; species differ in external colour, internal shell and ecology. In M. lorrainae, parapodia and tail predominantly white with sparse gray speckles on caudal end (Fig. 2D) . Body translucent creamy white, with microscopic opaque white speckles on surface and in deeper layers; microscopic tan spots on anterior half. Interior surface of parapodia mottled grey with closely spaced white dots. Inconspicuous medial constriction running along head shield, which covers anterior half of body. Foot patterned with opaque white and tan speckles, for overall semitransparent cream colour. Narrow phosphorescent margin lines body and parapodia. Calcified thickening on internal surface of shell visible through posterior shield, appearing as yellow, irregular patch (Fig. 2D) . Specimens crawl actively up sides of dish; anterior edge of body undulates and parapodia droop slightly when crawling. All specimens covered in thick coat of mucous, evinced no reaction to each other or light. Extended specimens from 15 to 24 mm long when crawling, 4 to 7 mm wide.
Shell morphology: Shells from two specimens were examined (the holotype and paratype), ranging from 6 to 7 mm in length. Shell of M. lorrainae is solid and strongly calcified, with 1.5 whorls, and was reported to appear more bulloid than the shell of any other described New Zealand aglajiid species (Rudman, 1968) . (Rudman, 1968) ; also reported from Whangateau Harbour and Parengarenga Harbour (Rudman, 1972a) .
RESULTS
Ecology and shell morphology of Melanochlamys lorrainae and M. cylindrica Melanochlamys lorrainae had not been reported since the 1960s (W. Rudman, personal communication) . In the course of field surveys for soft-sediment cephalaspideans, a specimen of M. lorrainae (AK116817) was found in September 2005 in Parengarenga Harbour, Northland, emerging from sand at the extreme low tide line near a bed of the seagrass Zostera. It was provisionally identified by colour and shell morphology, initiating this study. Subsequent exhaustive searches at the type locality (Wattle Bay, Auckland) produced an additional specimen (AK116833; Fig. 2D ) in October 2005, and two more (AK117842, AK117843) in March 2006. All four M. lorrainae were found in soft sediment at the lower low water mark, co-occurring with the opisthobranch Philine angasi and the olive snail Amalda australis. Our specimens of M. lorrainae were predominantly white with limited grey flecks: one was almost entirely white (,1% of total dorsal area is grey), one was white with grey flecks over $10% of the dorsum and one had an equally white and pale grey dorsum.
All but one specimen of M. cylindrica were collected within, or adjacent to, rocky areas of red algal turf (Corallina officinalis and Arthrocardia corymbosa) or tidal pools lined with clumps of red algae (Jania micrarthrodia, Haliptilon roseum); specimens crawled nimbly among interlacing fronds of Jania. Over 40 specimens (AK117845) were found crawling on sand adjacent to Corallina at Waiwera, east coast Northland. Numerous specimens (AK117844) were found among Corallina in rock pools at Matheson's Bay, North Island, and from turf-lined rock pools at Fisherman's Bay, 1-2 km west of Army Bay, at a density of roughly four slugs per square metre. Most specimens were found at the mid-tide level, although one specimen (AK117846) was collected subtidally (6 m depth) from sediment lining a Corallina-encrusted rock platform in Sunkist Bay, south of Motukaraka Island, Beachlands, Tamaki Strait. All M. cylindrica were jet black and were never found in microsympatry with M. lorrainae.
The holotype of M. lorrainae was compared to the neotype of M. cylindrica and 13 other lots (Fig. 3) . Contrary to previous reports (Rudman, 1972c) , the shell of M. lorrainae was not consistently more bulloid, and in some specimens approached that of M. cylindrica, as noted by Rudman (1968) . The most consistent shell difference was a concavity on the left side (dorsal view) of the shell lip in M. cylindrica (Fig. 3A) .
Molecular phylogenetic analysis
To test whether the two nominal species were genetically distinct, we sequenced a portion of two mitochondrial genes, the fast-evolving COI gene and the more slowly evolving 16S gene, as well as a portion of the nuclear 28S gene. In analyses of mtDNA data, the two New Zealand endemics formed a clade with high posterior probability (0.99) and bootstrap support (100%) (Fig. 4A) . Within this clade, haplotypes of M. cylindrica and M. lorrainae were reciprocally monophyletic; clades corresponding to the two species were 16.5% net divergent (corrected distance) at the COI locus, and 2.4% divergent at the more conserved 16S locus (Table 2 ). There was modest parsimony support for a sister relationship between the Above diagonal, net divergence based on genetic distance corrected with the best-fit substitution model; below diagonal, net divergence based on uncorrected p-distance. Mean intraspecific p-distance among haplotypes is given on the diagonal. A. Divergence at the COI locus. Distances above the diagonal were corrected with the K81uf þ I model, with proportion of invariant sites I ¼ 0.5872. B. Divergence at the 16S locus. Distances above the diagonal were corrected with the TVM þ G model, with alpha shape parameter of the gamma distribution ¼ 0.1482. Corrected net distance at the COI locus was greater than 100% between M. diomedea and M. lorrainae due to model adjustment for multiple substitutions per site.
New Zealand clade and a clade comprising M. diomedea and an undescribed Australian species (Fig. 4A) . In analyses of the nuclear 28S gene, a sister relationship for M. cylindrica and M. lorrainae was also strongly supported by both posterior probabilities (1.0) and bootstrap scores (100%) (Fig. 4B) . The two species were 0.9% net divergent (corrected distance) at the 28S locus; intraspecific variation at 28S was low or absent for all four Melanochlamys spp. Numerous indels were present in the 28S gene of Melanochlamys sp. compared to its congeners, which resulted in a long branch for this species but did not affect the overall result (Fig. 4B) . The undescribed Melanochlamys sp. and M. diomedea formed a strongly supported clade sister to the New Zealand clade in both analyses of the 28S data.
Mating behaviour of Melanochlamys cylindrica
When held in aquaria, up to five specimens of M. cylindrica mated together simultaneously. Prior to mating in the female role, some specimens first buried the anterior portion of their body into the sediment (Fig. 5A) . In one instance, a specimen rubbed its penis down the length of the lateral margin of its partner before copulation began (Fig. 5B) . During mating, the head of the slug acting in the male role inserted between the right-side parapodium and body wall of the next animal, to access the genital opening ( Figs 2C, 5C ). All observed matings were unilateral. Up to three animals appeared to act in the male role with a single partner, their heads inserted concurrently beneath the parapodia of the animal acting as female. After mating, the group remained in close contact for several hours. Oval egg masses (10 -13 mm diameter) were extruded from the anterior end of all animals involved in spawning between 2 and 24 h after mating occurred, and were secured to the substratum by a mucous thread. Ova were enclosed in individual capsules, and developed over 4 days into veliger larvae with a conspicuous black spot; larvae hatched 11 days after clutch deposition at $228C. The rarity of M. lorrainae in our collections precluded comparable mating observations. DISCUSSION Traits such as shells and radulae are phenotypically plastic in many gastropods, and colour can vary markedly within a species. Molecular methods offer an independent way to delineate species and establish systematic relationships, without the complications of homoplasy due to convergent evolution or intraspecific variability in morphological traits. Bayesian and parsimony analyses confirm that specimens of Melanochlamys cylindrica and M. lorrainae are genetically distinct, forming reciprocally monophyletic groups. The genetic distances between M. cylindrica and M. lorrainae at the COI (16.5%), 16S (2.4%) and 28S (0.9%) loci are all comparable to distances between sister species in the cephalaspidean genera Chelidonura, Siphopteron and Philinopsis (Anthes, 2006 and personal communication) . These findings corroborate Rudman's original description of M. lorrainae as a separate species, and not a pale morph of M. cylindrica.
The nuclear 28S ribosomal rRNA gene was generally more conserved than the mitochondrial 16S gene, as expected. However, the 28S fragment from the Australian Melanochlamys sp. contained numerous indels and substitutions, producing a long branch for this species in phylogenetic analyses. No such variability in this region of the 28S gene was observed among .40 species of sacoglossan opisthobranchs in the family Elysiidae (A. Rodriguez, R. Ellingson and P. Krug, unpubl.) . This portion of 28S may be more rapidly evolving in cephalaspideans, or the 28S gene of Melanochlamys sp. may have an atypically high rate of evolution; sequencing studies of additional cephalaspideans should resolve this. However, overall results were unaffected by the substitution pattern of Melanochlamys sp. Bayesian analysis of the nuclear 28S gene and combined analysis of the two mitochondrial loci both strongly supported a close relationship of the two New Zealand Melanochlamys species, and returned modest support for a clade containing M. diomedea and the undescribed Australian species.
Although morphology of the undescribed species is presently unknown, M. diomedea differs in penial morphology from the New Zealand species. A muscular flap forms the posterior papilla in M. lorrainae and M. cylindrica, but in M. diomedea opens to form a channel at its posterior end and narrows to a chitin-tipped cone at the anterior end (Rudman, 1972a) . There is also a small, non-glandular sac or 'spermatic bulb' that opens near the prostate opening in M. diomedea, possibly involved in sperm storage (Rudman, 1972a) . In M. queritor (not included in our analyses), penial morphology is more similar to the New Zealand species, but the posterior portion of the flap is not developed into a papilla. Thus, congeners show anatomical differences from M. lorrainae and M. cylindrica, which are probably sister taxa based on morphological and genetic evidence. Molecular analysis of M. queritor and anatomical study of the undescribed northern Australian species should reveal whether penial morphology and gene sequence data support the same relationships among Melanochlamys species.
Our field surveys and literature reports (Rudman 1972a, b) suggest the two New Zealand Melanochlamys species differ in habitat preference. Although not exclusively confined to rocky habitat, M. cylindrica is primarily associated with red algal turf on rocky substrata; we found only a single specimen crawling in soft mud, out of hundreds observed, and Rudman (1972b) reported a similar trend in distribution. Willan & Morton (1984) state M. cylindrica 'loves mud, where it is sometimes found burrowing just beneath the surface,' and specimens in the Auckland Museum were possibly collected from muddy sites. However, given the mobility of these predators, it is not surprising that some are occasionally found outside of the rocky habitats where we found most specimens and the highest densities. In contrast, M. lorrainae was only observed just below the surface of muddy or sandy sediment at the low-tide line. Both species have been found in Parengarenga Harbour and at Puponga Point, Manukau Harbour, but in our surveys never co-occurred in the same microhabitat. Rudman (1972a) described M. lorrainae as ranging from 'white to a mottled grey.' Our specimens of M. lorrainae all had a predominantly white body colour, whereas all specimens of M. cylindrica were completely black. The Australian species M. queritor ranges from almost white to black; pale morphs were previously considered to be a distinct species, Aglaja henri, which Rudman (1972a) indicated belonged to Melanochlamys. Like M. cylindrica, dark morphs of M. queritor are 'abundant intertidally on coralline algae,' whereas like M. lorrainae, pale morphs of M. queritor are restricted to 'soft sediments in or near Zostera beds' (Burn, 1989) . Black may be an adaptive body colour if slugs are rendered more cryptic against rocky backdrops or algal turf; this could be tested with predation experiments. Pale white or grey slugs may be more cryptic in soft sediments, or gain a fitness advantage by not wasting energy synthesizing black pigments that are unnecessary for animals buried in sediment. Future ecological and evolutionary studies could test the hypothesis that disruptive selection on colour and habitat choice contributes to adaptation, and potentially speciation, in Melanochlamys (Rice, 1987; Diehl & Bush, 1989) . Improved taxon sampling of Melanochlamys will help ongoing phylogenetic studies clarify the biogeographic relationships among extant species, and to resolve the relationships among cephalaspidean genera (Anthes, 2006) .
The Cephalaspidea are a model taxon for studying the evolution of mating behaviour and development (Leonard & Lukowiak, 1984; Leonard, 2006; Anthes & Michiels, 2005; Anthes, Putz & Michiels, 2006a; Anthes & Michiels, 2007a) . There is much interest in understanding how resources are allocated to different sex roles, and how sexual conflicts are resolved, in simultaneous hermaphrodites (Leonard, 1991 (Leonard, , 2006 Anthes, Putz & Michiels, 2006b ). Our observations of unilateral insemination and mating chains in M. cylindrica corroborate Rudman (1972a) and add to the growing body of information available for this group. Partial burrowing of the head region may signal willingness to act in the female role by blocking the penial opening; conversely, stroking a partner with the penis prior to insertion may indicate a willingness to act in the male role. Unilateral insemination is common among Chelidonura species, but otherwise rare in the Aglajidae and Gastropteridae (Anthes & Michiels, 2007b) . Mating chain formation is also common among Chelidonura spp., but little information exists for Melanochlamys species. Continued investigations of cephalaspideans should yield general insights into the evolution of hermaphrodite mating strategies and reproductive traits.
